The aim of this study is to evaluate the clinical and rhythm outcomes of atrial fibrillation (AF) ablation through a port access approach compared with sternotomy in patients with AF associated with mitral valve diseases. Materials and Methods: From February 2006 through December 2009, 135 patients underwent biatrial AF ablation with a mitral operation via either a port-access approach (n=78, minimally invasive cardiac surgery [MICS] group) or a conventional sternotomy (n=57, sternotomy group). To adjust for the differences in the two groups' baseline characteristics, a propensity score analysis was performed. Results: After adjustment, there were no significant differences in the two groups' baseline profiles. The cardiopulmonary bypass time was significantly longer (p=0.045) in the MICS group (176.0±49.5 minutes) than the sternotomy group (150.0±51.9 minutes). There were no significant differences (p=0.31) in the two groups' rate of reoperation for bleeding (MICS=6 vs. sternotomy=2, p=0.47) or the requirement for permanent pacing (MICS=1 vs. sternotomy=3). The major event-free survival rates at two years were 87.4±8.1% in the MICS group and 89.6±5.8% in the sternotomy group (p=0.92). Freedom from late AF at 2 years was 86.8±6.2% in the MICS group and 85.0±6.9% in the sternotomy group (p=0.86). Conclusion: Both the port-access approach and sternotomy showed tolerable clinical outcomes following biatrial AF ablation with mitral valve surgery.
INTRODUCTION
The Cox maze procedure is the most effective procedure for eliminating atrial fibrillation (AF) and restoring a normal sinus rhythm, and it has evolved from a cut-and-saw technique to ablation using alternative energy sources such as cryothermia and radiofrequency [1] [2] [3] . As the operative techniques continue to advance, a minimally invasive approach for surgical AF ablation has also been developed [4] . The wound from minimally invasive cardiac surgery (MICS) is cosmetically superior, and earlier recovery is expected compared to a sternotomy approach. However, there are concerns about a minimally invasive approach to AF ablation surgery in that the rhythm outcomes may be poorer than the sternotomy ap- 
MATERIALS AND METHODS

1) Patients
Between February 2006 and December 2009, a total of 199 patients underwent MV surgery with biatrial AF ablation in our institution. Excluding 64 patients who underwent aortic valve replacement or coronary artery bypass grafting surgery resulted in a final total of 135 subject patients. Among them, 78 underwent surgery through the port-access approach (the MICS group) by an automated endoscope system using an optimal positioning Aesop 3000 system (Computer Motion Inc., Santa Barbara, CA, USA), whereas 57 patients underwent a median sternotomy (the sternotomy group). The operative technique was chosen according to the surgeon's preference.
2) Surgical techniques
In the sternotomy group, conventional aortic and bicaval cannulation was used, and in the MICS group, the right femoral artery, right femoral vein, and right internal jugular vein cannulation procedure was used. About a 4 to 6 cm main mini-thoracotomy incision with an intercostal muscle division was made over the 4th intercostal space and another three small port incisions were made for the insertion of a Chitwood clamp, a thoracoscopy, and a vent sucker. initiated with 900 to 1,200 mg intravenous loading for 24 hours followed by 600 to 900 mg per day for 1 to 2 weeks as a maintenance therapy. The patients with rapid ventricular rhythm despite the amiodarone medication were treated with a beta-blocker, calcium-channel blocker, or digitalis. In the valve repair or bioprosthetic valve insertion patients, warfarin
Won Kyoun Park, et al was administered for three to six months with a target international normalized ratio (INR) of 1.5 to 2.5. The target INR was 2.5 to 3.5 for patients with a mechanical valve implant.
Early AF events were defined as AF events during the initial 3 months postoperatively. Late AF events were defined as the episodes of AF, atrial tachycardia, or atrial flutter after the initial 3 month period. The primary endpoint was the time to the first AF event.
4) Statistical analysis
Data were processed with SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The continuous variables are presented as mean±standard deviation or median and range and were compared using the Student's unpaired t-test or the Mann-Whitney U-test. The categorical variables were compared using the chi-square test or Fisher's exact test. Kaplan-Meier curves were generated to delineate freedom from AF or freedom from major adverse events. For comparisons of the incidence of time-related events between the two groups, a log-rank test was performed. To reduce the effect of a treatment selection bias and potential confounding, we performed an adjustment for the differences in the baseline characteristics by use of propensity score analysis [6] . The propensity scores were estimated without regard to outcome variables, with multiple logistic regression analysis. The prespecified covariates listed in Table 1 
RESULTS
1) Baseline profiles
The baseline characteristics of the patients are shown in Table 1 . The patients in the MICS group were younger than the patients in the sternotomy group. The AF duration was longer and the fine AF wave had more frequency in the sternotomy group. The left atrial (LA) size was significantly larger in the sternotomy group. All these findings were suggestive of a higher risk of postoperative AF recurrence in the sternotomy group than the MICS group [7] . 
2) Operative results
Fig. 2.
The cardiac rhythm outcomes at 3-, 6-, 12-and 24-months after the operation. There were no significant differences in the rate of the normal sinus rhythm (NSR) or atrial fibrillation (AF) between the two groups at each point. MICS=minimally invasive cardiac surgery; STERN=sternotomy; PPM=permanent pacemaker rhythm; Junctional=junctional rhythm. 
3) Rhythm outcomes
A rhythm follow-up more than three months after surgery was possible in 131 patients (96.3%) with a median fol- Table 3 and are illustrated in Fig. 2 . There were no significant differences in the rate of the normal sinus rhythm or AF between the two groups over the course of the 2 years postsurgery. The two groups also had no significant differences in the freedom from AF without anti-arrhythmic agents on crude and adjusted analyses for two years after surgery (Fig. 3) . When the freedom from recurrent AF was estimated with the Kaplan-Meier method, the two groups showed similar rates of freedom from AF in the simple comparison (Log-Rank p=0.37) and in an adjusted analysis (adjusted hazard ratio, 2.57; 95% confidence interval, 0.98−7.60; p=0.088) (Fig. 4 ).
4) Late clinical outcomes
A clinical follow-up was completed in 129 patients (95.6%) with a median follow-up period of 27.1 months (range, 0.1 to 58.1 months). The major complications are shown in Table 4 . There were 9 late deaths (4 [5.1%] In a study involving patients who underwent video-assisted pulmonary vein isolation using a bipolar radiofrequency ablation system, 72.5% of the patients were found to have recovered normal sinus rhythm postoperatively [10] . However, in the cited study, only 40% of the patients with long-standing AF had a normal sinus rhythm at discharge. This limited success rate may be attributable to the incomplete lesion sets and questionable transmurality of the ablation lesions [11] .
Recent studies suggest that adding a maze operation to MV surgery does not increase operative mortality and morbidity [12, 13] . Moreover, this procedure is reported to result in better rhythm outcomes and consequently reduce thromboembolic events in the long-term follow-up [14, 15] .
In our study, the AF recurrence rate of patients who underwent the port-access mini-thoracotomy approach was not higher than those in the sternotomy groups. These results may be attributable to the completeness of lesion sets (biatrial full maze) and transmurality of the lesions comparable to a standard sternotomy under the endocardial approach and full CPB support [15, 16] . Although there were no significant differences in the patient profiles of two groups except age and AF duration, these two variables affected the surgical outcomes. AF tends to recur in patients who have factors such as an LA size larger than 60 mm, patients older than 60 years, and fine AF [7] .
A limitation of this study is that it is a retrospective work with a non-randomized design. The relatively small number of patients in this study is another limitation, but data from a larger population of patients with a longer follow-up duration might resolve this limitation.
CONCLUSION
In conclusion, the port-access AF ablation is an effective and safe approach compared with the sternotomy approach in patients undergoing biatrial AF ablation combined with MV surgery. Therefore, the port-access approach may offer an additional surgical option for patients, with the benefit of having superior cosmetic results or less surgical trauma for the treatment of AF associated MV disease.
